Cell cultures of Corydalis sempervirens adapted to growth in the presence of 5 millimolar glyphosate overproduce the herbicide's target enzyme, 5-enolpyruvylshikimate 3-phosphate (EPSP) synthase, 30-to 40-fold. In vitro translation of total RNA and poly(A)-RNA coupled with immunoprecipitation showed that the protein is synthesized as a precursor of relative molecular weight (M,) 53900 ± 900 as compared to M, 45500 ± 1000 of the mature enzyme. Translatable activity of mRNA for EPSP-synthase in glyphosate-adapted cultures is tenfold higher than in nonadapted cultures.
The nonselective, broad spectrum herbicide glyphosate, N-(phosphonomethyl)glycine, has been shown to be a potent and efficient inhibitor of the shikimate pathway enzyme EPSPsynthase2 from plants and microorganisms (1, 4, 11, 22) . A cell suspension culture of the higher plant Corydalis sempervirens which had been adapted to growth in the presence of 5 mM glyphosate had an increased extractable activity of EPSP-synthase (1) which was matched by a corresponding increase in the amount of EPSP-synthase protein (20) . Here For analysis of immunoprecipitable material by SDS-gel electrophoresis, between 2 and 4 translation assays were combined. About 0.1% of radioactivity incorporated into protein could be recovered in the immunoprecipitates from assays containing RNA from nonadapted cells as compared to 0.8 to 1% from adapted cells (Table I) . Further analysis by SDS-electrophoresis and fluorography revealed that the immunoprecipitable material was concentrated in a single band of Mr 53900 ± 900 (mean ± SD of 7 independent experiments) ( Fig. 1 ). As precipitation with preimmune serum produced no radioactive band (data not shown) and as affinity-purified anti4EPSP-synthase) serum was employed, we conclude that the band represents a higher mol wt precursor of EPSP-synthase, the mature form of which has a Mr of 45,500 ± 1,000 (20) . When cells were labeled with [35S] methionine in vivo, extractable EPSP-synthase immunoprecipi- tated and subjected to SDS gel electrophoresis, two bands of a mol wt of 54,000 and 45,500 D, respectively, were visible on fluorograms (the larger one corresponding to the in vitro translation product, the smaller one to the mature enzyme) (Fig. 2) .
The precursor was translated from RNA from adapted as well as from nonadapted cells, the rate of translation being on an average 10.2-fold higher from RNA from adapted cells ( zyme, EPSP-synthase (1, 20) . A correlation between glyphosate tolerance and the overproduction ofEPSP-synthase has also been established for cultured cells of Petunia hybrida (23) and Fagopyrum esculentum (H. Hollander-Czytko, unpublished data). Also, glyphosate tolerance in Daucus carota cell cultures was related to an increased EPSP-synthase activity (13) . In bacteria and cultured animal cells, overproduction of the target of a drug as the basis for drug tolerance in most, but not all cases was based on gene amplification (21) . The first documented case of a drug tolerance related gene amplification in a plant system was reported for a Medicago sativa (alfalfa) cell culture, which tolerated high concentrations of the glutamine synthetase inhibitor, L-phosphinothricin (6). Very recently, gene amplification has also been demonstrated to be the basis of EPSP-synthase overproduction in a glyphosate-tolerant Petunia cell culture (18) .
The 10-fold increase in translatable RNA activity for EPSPsynthase in C. sempervirens (Table I) is likely to reveal gene amplification although DNA and transcript levels remain to be analyzed. However, as this increase does not fully match the 30-SYNTHESIS OF EPSP-SYNTHASE fold increase in EPSP-synthase protein and activity, and as the enzymes from adapted and nonadapted cultures are indistinguishable (20) , there may be additional mechanisms operating in the tolerant cells such as enhanced processing of the EPSPsynthase precursor or a reduced turnover of the mature enzyme. The latter mechanism operates, in addition to gene amplification, in compactin-resistant animal cell lines overproducing 3-hydroxy-3-methylglutaryl coenzyme A reductase (19) . Also, the half-life of ornithine decarboxylase in ascites tumor cells is increased two fold in the presence of the inhibitor DL-a-methylornithine (16) . We know that the EPSP-synthase from Escherichia coli is protected by glyphosate against proteolytic digestion (A Schulz, N Amrhein, unpublished data). It is therefore possible that glyphosate reduces the rate of degradation of EPSP-synthase in C. sempervirens cells causing an additional increase in the extractable activity of the enzyme. Experiments have been initiated to test this hypothesis.
The fact that EPSP-synthase of C. sempervirens is synthesized as a higher mol wt precursor (Fig. 1) indicates that the mature enzyme is organelle-bound. Evidence has accumulated over the past years that EPSP-synthase, as well as the entire shikimate pathway, functions in the plastid (see Mousdale and Coggins [12] for references). The localization of EPSP-synthase in the plastids of cultured C. sempervirens cells has been confirmed by protein A-gold immunocytochemistry (CC Smart, N Amrhein, unpublished data) as well as cell fractionation studies (J Johanning, N Amrhein, unpublished data). It is well known that nuclearencoded plastidic proteins require a "transit peptide" to allow the protein to be transported through the plastid envelope (7): higher mol wt precursor proteins are synthesized in the cytoplasm, transported through the envelope and are then proteolytically processed inside the organelle to yield the mature enzyme. The higher mol wt precursor of EPSP-synthase found by in vitro translation and also by in vivo labeling of cells with [35S]methionine would fulfill this requirement, even though uptake by plastids and processing remain to be demonstrated. The size of the EPSP-synthase transit peptide of Mr 8400 is in the same range as that of the small subunit of ribulose-1,5-bisphosphate carboxylase (5, 8) , but more than twice as large as the transit peptide of the light harvesting Chl a/b protein (17) . Implications of the extraplastidic synthesis and the plastidic localization of EPSP-synthase for the mechanism of herbicidal action of glyphosate remain to be evaluated.
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